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Hospital and Hotel Dieu Hospitals; Kinston MRI Inc, Kingston, Ontario, CanadaAbstractObjective: To determine if prediction of anemia is possible from quantitative analyses of unenhanced cranial computed tomography (CT)
images.
Methods: A retrospective chart review revealed 101 patients who had hemoglobin and hematocrit levels obtained within 24 hours of an
unenhanced cranial CT. Regions of interest were the place on the torcular Herophili (confluence of sinuses) and the left and right transverse
sinuses. Attenuation values were correlated with hemoglobin and hematocrit to investigate any possible relationship.
Results: Hemoglobin levels were correlated with torcular and transverse sinus attenuation levels. For every 10 Hounsfield unit (HU) increase
in torcular attenuation, hemoglobin levels increased by 16.3 g/L (P < .001). When subgroup analysis was performed, by sex, for every 10 HU
increase in torcular attenuation, hemoglobin levels increased by 22.6 g/L (P < .001) in men and 8.96 g/L (P < .05) in women.
Conclusion: The attenuation values for venous drainage on unenhanced cranial CT constitute a practical adjunct in the assessment of anemia.
Given the number of individuals undergoing CT without blood work, this rapid assessment technique for anemia is a convenient means for
narrowing possible diagnoses.ResumeObjectif : Determiner s’il est possible de prevoir l’anemie a partir d’analyses quantitatives d’images de la tomodensitometrie (TDM) du
cra^ne sans produit de contraste.
Methodes : On a realise un examen retrospectif du dossier de 101 patients, portant sur les taux d’hemoglobine et d’hematocrite dans les
24 heures suivant une TDM sans produit de contraste. Les regions a l’etude etaient le torcular (confluent des sinus) ainsi que les sinus lateraux
gauche et droit. Les donnees sur l’attenuation ont ete mises en correlation avec les taux d’hemoglobine et d’hematocrite afin d’analyser tout
lien possible.
Resultats : Les taux d’hemoglobine etaient relies aux taux d’attenuation au torcular et dans les sinus lateraux. Lorsque l’attenuation au
torcular augmentait de 10 unites Hounsfield (UH), le taux d’hemoglobine progressait de 16,3 g/l (P < 0,001). A l’analyse des sous-groupes
selon le sexe, lorsque l’attenuation au torcular augmentait de 10 UH, le taux d’hemoglobine progressait de 22,6 g/l (P < 0,001) chez les
hommes et de 8,96 g/l (P < 0,05) chez les femmes.
Conclusion : L’analyse des valeurs d’attenuation du drainage veineux revelees par TDM du cra^ne sans produit de contraste s’avere utile dans
l’evaluation de l’anemie. Compte tenu du nombre de personnes qui subissent un TDM sans injection intraveineuse, cette technique
d’evaluation rapide de l’anemie represente un moyen pratique de restreindre les diagnostics possibles.
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47Assessing anemia from unenhanced CT of the head / Canadian Association of Radiologists Journal 64 (2013) 46e50Patients undergoing computed tomography (CT) of the interest to determine whether the degree of tissue attenuationhead, particularly in the acute situation, often lack an
accompanying complete blood cell count or other hemato-
logic laboratory values at the time of imaging. Of particular
diagnostic significance is the hemoglobin level, a low value
that can be associated with a considerable number of
neurologic abnormalities. The capacity to identify anemia as
an incidental finding on CT has the potential to significantly
influence patient management and outcome.
On noncontrast CTs, the attenuation coefficient of in vitro
blood relates primarily to the concentration of erythrocytes
and hemoglobin globin moiety, with minimal contribution
from the hemoglobin iron content [1,2]. By comparing the
degree of intravascular attenuation with that of the adjacent
vessel wall and brain tissue, many radiologists believe that
they can correctly diagnose patients who are anemic by
subjective (visual) inspection alone [3]. Furthermore,
objective analyses (with Hounsfield unit [HU] measure-
ments) of thoracic and abdominal CTs have been shown to
accurately differentiate between healthy subjects and anemic
patients [4e9]. Nonetheless, few studies have examined
attenuation coefficients for blood on unenhanced cranial CTs
in relation to hemoglobin or hematocrit.
A majority of the blood from the brain and skull is drained
by the superior group of the dural venous sinus [10]. The
confluence of these sinuses is the torcular Herophili (conflu-
ence of sinuses), which subsequently drains via the transverse
and sigmoid sinuses to the internal jugular vein [10]. The
torcular Herophili and the right and left transverse sinuses are
easily recognized on CT and provide a large intravascular
cross-sectional area for measurements of CT attenuation.
The primary purpose of this study was to determine if, on
an unenhanced CT, the attenuation of venous blood in the
transverse sinuses, the torcular Herophili, or any of its
tributaries (superior sagittal, occipital, and straight sinuses)
correlates with hematocrit or hemoglobin levels and, if so, to
further characterize this finding. The second purpose was anFigure 1. (A) Region of interest on the torcular Herophili; the patient is without ancould accurately predict specific ranges of hemoglobin
levels.
Materials and Methods
We performed a medical chart review on consecutive
patients who had undergone unenhanced CT of the head
between January 2009 and March 2009. Patients were
excluded from the study if they were under the age of 18
years, had a diagnosed intracranial hemorrhage, head trauma
(current or recent follow-up), brain tumour (ie, meningioma),
or a known hypercoagulable state. In addition, an accom-
panying assessment of hemoglobin and hematocrit levels
within 24 hours of the CT was required for inclusion. The
CTs of 223 patients (90 men, 133 women) were initially
evaluated, of which 101 (48 men, 53 women) had been
assessed for hemoglobin and hematocrit levels within 24
hours of the CT and, therefore, were included in the study.
Patients ranged in age from 18-90 years, with a mean age of
61 years. Anemia was defined as a hemoglobin level below
140 g/L for men and below 120 g/L for women.
All the patients had CTs of the head performed on 1 of
2 General Electric (GE) helical CT scanners (one LightSpeed
16-slice and one Lightspeed VCT 64-slice) (GE Healthcare,
Waukesha, WI). CT slice thickness was either 2.5 or 3 mm.
Unenhanced CT images were evaluated on a preset soft-
tissue window (window width, 80 HU; window level, 40
HU). For each examination, 5 attenuation measurements (in
HU) were performed with a circular region of interest that
was 5 mm in diameter. The plane at which the torcular
Herophili was widest was identified, and a region of interest
measurement was taken on this plane (Figure 1) as well as
one slice above and one slice below. The 3 values were then
averaged and recorded. Subsequently, the plane in which
both right and left transverse sinuses were best visualized
was identified, and a single region of interest measurementemia. (B) Region of interest on torcular Herophili; the patient is with anemia.
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and recorded.
All statistical analyses were performed by using SPSS
Statistics Version 17.0 (SPSS Inc, Chicago, IL). A Pearson
correlation test was used to demonstrate association between
hemoglobin and hematocrit values, and between torcular
Herophili and transverse sinus blood attenuation values so to
reduce the number of variables in subsequent analyses. On the
basis of bivariate analysis, in both sexes multiple regression
analyses were conducted to predict hemoglobin level,
including average torcular blood attenuation and patient age.
Descriptive analyses (ie, central tendency measures) were
performed with the patient population partitioned on the basis
of sex. Specifically, while controlling for sex, the cohort was
further partitioned into groups based on torcular blood
attenuation levels (at 5 HU intervals; range, 35-50 HU),
because this is the measure that one interpreting a CT would
most readily measure. The mean hemoglobin levels were
calculated for each of these subgroups, and a Student t test
analysis was conducted that compared male and female data.
By using the aforementioned definitions for anemia,
receiver operating characteristic (ROC) curves for each sex
(and both sexes together) were calculated with their respec-
tive torcular attenuation values. ROC curves were used to
determine the threshold HU value for prediction of anemia,
which yielded a sensitivity and specificity closest to 1.0.
Results
The strength of the correlation between hemoglobin and
hematocrit (r ¼ 0.99) permitted the use of only the hemo-
globin variable in all subsequent analysis. Average torcular
attenuation measurements and average transverse sinus
attenuation measurements were also found to be highly
correlated (r ¼ 0.95); however, both variables were subse-
quently analysed. A correlation matrix (Table 1) presents
correlation coefficients for all individual variables. The
average torcular attenuation was found to significantly
correlate with the hemoglobin level (r ¼ 0.46, P < .0001) in
a positive direction. Similarly, the average transverse sinus
attenuation also was positively correlated with hemoglobin
levels (r ¼ 0.48, P < .0001). The correlation coefficient
was similar for all measurements taken of venous bloodTable 1
Correlation matrix of attenuation values and plasma hemoglobin and hematocrit
Variable Age Mean orcular HU Right TS
Age e 0.216b 0.238b
Mean torcular HU e 0.907c
Right TS HU e
Left TS HU
Mean TS HU
Hg
Hct
Hct ¼ hematocrit; Hg ¼ hemoglobin; HU ¼ Hounsfield units; TS ¼ transverse
a The Pearson correlation coefficient is given for bivariate correlation between
b Statistically significant (P < .05).
c Statistically significant (P < .0001).attenuation and hemoglobin level. As expected, agewas found
to correlate negatively with hemoglobin (r¼e0.23, P< .05).
Subgroup analysis of the male and female patients,
stratified by average torcular attenuation, further elucidated
the positive correlation with hemoglobin level (Table 2). For
example, the average hemoglobin level for men and women
with torcular attenuation values 35 HU was 113.57 g/L and
105.57 g/L, respectively. Conversely, the average hemo-
globin level for the group with average torcular attenuation
55 HU was 152 g/L for men and 131 g/L for women. Not
surprisingly, a trend was visualized for which the mean
hemoglobin level increased for both sexes with each
increasing range of attenuation levels.
For the entire population, for every 1 HU increase in
average torcular attenuation, the hemoglobin level increased
1.63 g/L (r ¼ 0.463; P < .001), which corresponds to an
approximately 16 g/L increase in hemoglobin level for every
10 HU increase in torcular attenuation (Figure 2). When the
average torcular attenuation data were divided on the basis
of patient sex, regression analyses demonstrated that, for
every 1 HU increase in average torcular attenuation, the
hemoglobin level increased by 2.26 g/L (r ¼ 0.591;
P < .001) in men (Figure 3) and 0.896 g/L (r ¼ 0.295;
P < .05) in women (Figure 4). The average hemoglobin
levels for the male cohort were 10.526 g/L higher than for
the female cohort (P ¼ .0005). For men, including age in
regression model marginally improved the strength of the
model (R ¼ 0.645; P < .001), whereas for female data,
including this variable, produced a statistically insignificant
model (R ¼ 0.325; P ¼ .061).
A ROC curve generated from the male data demonstrated
that a single torcular attenuation measurement of <42.8 HU
to define anemia produces results with the greatest diagnostic
value (regarding the maximization of true positives and
minimization of false negatives). ROC curve analysis yielded
an area under the curve of 0.875 (standard error, 0.06), with
an asymptotic significance of P < .001. By using this
threshold, we were able to predict anemia (hemoglobin,
<140 g/L) in men, with a sensitivity of 79.3%, a specificity of
78.9%, a positive predictive value of 85.2%, and a negative
predictive value of 71.4%. Similar ROC curves generated
with female data were unable to produce a statistically
significant threshold HU value (area under the curve,levelsa
Left TS Average TS Hg Hct
0.281b 0.252b 0.230b 0.252b
0.934c 0.944c 0.463c 0.471c
0.902c 0.974c 0.466c 0.468c
e 0.976c 0.458c 0.463c
e 0.477c 0.474c
e 0.994c
e
sinus.
all pairs.
Table 2
Average hemoglobin levels for men and women grouped by torcular atten-
uation ranges
Torcular
HU range
Men Women
n
Mean Hg
level, g/L 95% CI n
Mean Hg
level, g/L 95% CI
<35 7 113.57 97.85-129.29 7 105.57 94.93-116.21
35-40 15 116.33 104.49-128.17 16 123.31 110.77-135.85
40-45 12 139.08 126.46-151.7 17 117.35 109.11-125.59
45-50 8 145.75 126.77-164.73 9 127.89 116.23-139.55
50-55 6 152 140.56-163.44 4 131 120.84-141.16
CI ¼ confidence interval; Hg ¼ hemoglobin; HU ¼ Hounsfield unit.
Figure 3. Correlation between computed tomography (CT) density and
hemoglobin in men.
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anemia.
Discussion
Given the understated prevalence of anemia [11], early
recognition of the disorder can diminish associated
morbidity, mortality, and hospital stay length. Identification
and treatment of anemia has the potential to aid in the
interpretation of any patient imaging study, with the ability to
significantly impact on the scope and focus of the differential
diagnosis. In the current study, we demonstrated the possi-
bility of evaluating anemia from attenuation measurements
of cranial venous drainage on a head CT. Specifically,
univariate correlation analyses revealed a strong positive
correlation between hemoglobin levels and the attenuation
values in the confluence of sinuses.
Plasma hemoglobin levels, depending on the study, have
been found to strongly correlatewith the CTattenuation values
of various body tissues, including thoracic [6] and abdominal
[5] intravascular blood; aortic wall [4,9]; myocardium [8]; leftFigure 2. Correlation between computed tomography (CT) density and
hemoglobin in all patients.ventricular space; and interventricular septum [4,7]. However,
this study is one of the first to demonstrate this same associ-
ation in CT images of cranial tissues.
Quantitative analyses demonstrated a significant positive
correlation between HU measurements of torcular blood and
hemoglobin levels. The correlation of these values was found
to be stronger in male patients than in female patients, which
permitted a predictive HU value for anemia to be developed
only for men. The weaker strength of the correlation inFigure 4. Correlation between computed tomography (CT) density and
hemoglobin in women.
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variability in plasma protein concentration that accompanies
estrogen differences between pre- and postmenopausal
women as well as during different phases of the menstrual
cycle [12], which is further supported by the failure of our
female regression model when age was included. Plasma
protein has been shown to contribute an average 24 HU to the
total attenuation value of whole blood [2], and, as such,
a modest 20% difference in plasma proteins concentration
can vary blood attenuation values by up to approximately
5 HU. However, a positive correlation between torcular
attenuation and hemoglobin levels, nevertheless, was evident
in the female data, and we speculate that a larger cohort of
female patients would sufficiently increase the power of
the correlation to allow for a predictive HU value to be
derived. Ultimately, the weaker correlation in women
demands further investigation with a larger patient cohort to
establish statistical significance. For male patients, when
a cutoff value of 42.8 HU was defined by ROC analyses,
23 of 29 patients were correctly identified as being anemic,
and 15 of 19 patients were correctly identified as being
healthy (sensitivity and specificity of 79.3% and 78.6%,
respectively).
Results of previous studies also have demonstrated similar
HU cutoff values for describing anemia, however, recog-
nizing that there is often a zone of transition under which
mild anemia and normal hemoglobin levels are difficult to
differentiate [3,5e7,9]. A recent study, by Fanous et al [13],
demonstrated that attenuation measures of <35 HU in the
superior sagittal sinus detected anemia with a specificity of
100%. However, the lower threshold used in this previous
study generated a sensitivity and a negative predictive value
that were significantly lower than the current study (10.4%
and 58.3%, respectively). Given the minimal invasiveness
and cost of a routine complete blood cell count, we propose
that maximizing sensitivity and a positive predictive value is
of greater clinical value than maximizing specificity in this
instance. Ultimately, analysis of the torcular HU value on
a head CT has the potential to be a practical adjunct,
potentially complementing imaging findings for a given
diagnosis or prompting further investigation.
One potential limitation of the current study is the
omission of statistical correction for multiple comparisons in
our analyses. However, given the low P values achieved by
our analyses, all demonstrated that correlations are likely to
represent true associations rather than statistical artifact.
Nevertheless, the lack of a Bonferroni or equivalentadjustment should be considered when interpreting the
findings of this study.
Conclusion
The rapid and accurate interpretation of anemia from
quantitative measurements of CT attenuation has been
demonstrated before in studies of thoracic and abdominal
structures. The current study has further shown that a corre-
lation between hemoglobin levels and attenuation values is
also present for venous blood on CTs of the head. Currently,
the observed correlation is not strong enough to offer
a definite diagnosis of anemia; however, a larger sample size
is likely to strengthen the predictive value of an HU cutoff
value for anemia. Such a cutoff value would provide
a feasible means to assess anemia when hematologic
laboratory investigations are lacking, as is often the case with
routine CTs of the head.
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